Design of the New Northern Danube Railway Bridge in Budapest  by Solymossy, Imre & Gondar, Peter
 Procedia Engineering  156 ( 2016 )  458 – 465 
1877-7058 © 2016 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of BDB 2016
doi: 10.1016/j.proeng.2016.08.321 
ScienceDirect
Available online at www.sciencedirect.com
WK,QWHUQDWLRQDO&RQIHUHQFHÄ%ULGJHVLQ'DQXEH%DVLQ³%'%
'HVLJQRIWKHQHZ1RUWKHUQ'DQXEHUDLOZD\EULGJHLQ%XGDSHVW
,PUH6RO\PRVV\D3HWHU*RQGDUE
a,bMSc Engineers and Consultants Ltd., Fehér u. 10/a-b, Budapest 1106, Hungary 
$EVWUDFW
7KHDUWLFOHDLPVWRSUHVHQWWKHFKDOOHQJLQJGHVLJQWDVNVRIWKHUHFRQVWUXFWHG1RUWKHUQ'DQXEHUDLOZD\EULGJHLQ%XGDSHVW%HVLGHV
LWJLYHVDQRYHUYLHZRIWKHH[WUDRUGLQDU\FRQVWUXFWLRQDQGUHSODFHPHQWSURFHVVWKDWZDVFDUULHGRXWZLWKLQPRQWKVLQ7KH
EULGJHLVORFDWHGRQWKH%XGDSHVW(V]WHUJRPUDLOZD\OLQHRI0È9+XQJDULDQ1DWLRQDO5DLOZD\VWKDWFDUULHVVLJQLILFDQWVXEXUEDQ
WUDIILFWKHUHIRUHIDVWFRQVWUXFWDELOLW\ZDVMXVWDVLPSRUWDQWGHVLJQLVVXHDVORDGFDUU\LQJFDSDFLW\DQGWUDYHOFRPIRUWUHTXLUHPHQWV
0HDQZKLOHWKHGHVLJQZDVDOVRGHWHUPLQHGE\FLW\VFDSHDQGQRLVHGHPDQGV7KHROGWHPSRUDU\VWUXFWXUHZDVUHPRYHGDQGUHSODFHG
E\WKHQHZFRQWLQXRXVO\VXSSRUWHGPORQJVWHHOWUXVVJLUGHUEULGJHLQWKHVXPPHURI$VSHFLDOEHDULQJV\VWHPHQDEOHG
WKHUHLQIRUFHGDEXWPHQWVWRFDUU\WKHLQFUHDVHGKRUL]RQWDOORDGVLQGXFHGRQWKHFRQWLQXRXVJLUGHUZLWKWKHDSSOLFDWLRQRIK\GUDXOLF
VKRFNWUDQVPLVVLRQGHYLFHVZKLOVWWKHROGSLHUVEHFDPHUHOHDVHGIURPWKHPDMRULW\RIKRUL]RQWDOHIIHFWV7KHFRQWUDFWRUDQGWKH
GHVLJQHUZHUHERWKFKDOOHQJHGE\WKHDYDLODEOHPRQWKVORQJSHULRGIRUWKHEULGJHUHSODFHPHQWWRQVKHDY\SUHIDEULFDWHGXQLWV
KDGWREHOLIWHGE\IORDWLQJFUDQHVWRWKHLUSRVLWLRQZKLOHQRGLVWXUEDQFHRIWKHVKLSSLQJZDVDOORZHGRQWKHULYHU$VWKHUHVXOWRI
FORVHFRRSHUDWLRQEHWZHHQFRQWUDFWRUVGHVLJQHUVDQGWKHLQYROYHGRUJDQL]DWLRQVVXFKDEULGJHZDVJLYHQEDFNWRWKHWUDIILF\HDUV
DJRWKDWDEVROXWHO\VDWLVILHVDOONLQGRIPRGHUQGHPDQGV

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHRUJDQL]LQJFRPPLWWHHRI%'%
Keywords:UDLOZD\EULGJH'DQXEHFRQWLQXRXVWUXVVJLUGHUK\GUDXOLFVKRFNWUDQVPLVVLRQGHYLFHIORDWLQJFUDQH
,QWURGXFWLRQ
7KHKLVWRU\RIWKH1RUWKHUQ'DQXEHUDLOZD\EULGJHLQ%XGDSHVWKDVVWDUWHG\HDUVDJR7KHGHPDQGIRUEXLOGLQJ
D VHFRQG UDLOZD\ EULGJH LQ %XGDSHVW QH[W WR WKH 6RXWKHUQ FRQQHFWLQJ EULGJH ILUVW DURVH LQ  7KH %XGDSHVW
(V]WHUJRPUDLOZD\OLQHVHH)LJDZDVGHVLJQHGIRUKHDY\WUDIILFSULPDULO\WRFDUU\WKHWUDGHRIVWRQHDQGFRDO


&RUUHVSRQGLQJDXWKRU7HOID[
E-mail address:JRQGDUSHWHU#PVFKXKXPVF#PVFKXKX
© 2016 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of BDB 2016
459 Imre Solymossy and Peter Gondar /  Procedia Engineering  156 ( 2016 )  458 – 465 
PLQHVORFDWHGDORQJWKHOLQH$VLJQLILFDQWSDUWRIWKHLQGXVWULDOWUDIILFZDVGHVWLQHGWRWKHOHIWEDQNRIWKH'DQXEH
WKHUHIRUHDQHZUDLOZD\FURVVLQJZDVSURYHQWREHHVVHQWLDORQWKH1RUWKHUQSDUWRIWKHFLW\>@7KHRULJLQDOEULGJH
ZDVRSHQHGLQFRQQHFWLQJÏEXGDDQGÒMSHVWTXDUWHUV'XHWRWKHJHRJUDSKLFDOFRQGLWLRQVDQRWKHUVPDOOHUEULGJH
ZDVDOVREXLOWRYHUWKHED\RQWKHÒMSHVWVLGHWRJHWKHUZLWKWKHVWUXFWXUHRYHUWKHPDLQULYHUEUDQFKVHH)LJE
%HFDXVH RI WKH LQFUHDVLQJ ORDG FDUU\LQJ FDSDFLW\ UHTXLUHPHQWV DQG XQIRUWXQDWH KLVWRULFDO HYHQWV WKH RULJLQDO
VWUXFWXUHKDVJRQHWKURXJKVHYHUDOVWUHQJWKHQLQJPRGLILFDWLRQVDQGUHFRQVWUXFWLRQVVLQFHWKHRSHQLQJ7KHLPSRUWDQFH
RIWKHULYHUFURVVLQJLVFRQILUPHGE\WKHIDFWWKDWLWKDVDOZD\VEHHQLQRSHUDWLRQXSWRWKLVGD\DSDUWIURPD\HDUV
EUHDN DOWKRXJK WKH UDLOZD\ OLQHPDLQO\ FDUULHV VXEXUEDQSDVVHQJHU WUDIILF QRZDGD\V LQVWHDGRI KHDY\ FDUJR7KH
KLVWRU\ RI WKH EULGJH EHDUV VHYHUDO FXULRVLWLHV IRU WKH HQJLQHHUV RI WKH VW FHQWXU\ VLQFH WKH HYROYHPHQW RI WKH
VXSHUVWUXFWXUHKDVDOZD\VUHIOHFWHGWKHGHVLJQVWDQGDUGVSHFLILFDWLRQVPDWHULDOVFLHQWLILFDQGWKHRUHWLFDONQRZOHGJH
DQG WKHDYDLODEOHFRQVWUXFWLRQUHVRXUFHVRI WKHLU WLPH7KLV LVDEVROXWHO\YDOLGIRU WKHQHZUDLOZD\EULGJHDVZHOO
ZKLFKZDVRSHQHGLQDQGVDWLVILHVDOONLQGRIPRGHUQGHPDQGV

)LJD%XGDSHVW(V]WHUJRPUDLOZD\OLQHE/RFDWLRQRIWKHEULGJHLQ%XGDSHVW
+LVWRULFDORYHUYLHZRIWKHULYHUFURVVLQJ
2.1. Original bridge 
7KH,WDOLDQ6RFLHWD1D]LRQDOHGHOOH8IILFLQHGL6DYLJOLDQHFRPSDQ\ZDVFRPPLVVLRQHGE\ WKHDOVR ,WDOLDQ ILUVW
RZQHURI%XGDSHVW(V]WHUJRPUDLOZD\OLQHZLWKWKHGHVLJQDQGFRQVWUXFWLRQRIWKHEULGJHLQ7KHSLHUVZHUHEXLOW
E\XVLQJSQHXPDWLFFDLVVRQV7KHLUIRXQGDWLRQGHSWKZDVFKRVHQPEHORZWKH]HURZDWHUOHYHO,WLVLQWHUHVWLQJWKDW
WKHVH VXEVWUXFWXUHV KDYH EHHQ VXSSRUWLQJ WKH EULGJH HYHU VLQFH RQO\ ZLWK IHZ PLQRU VWUHQJWKHQLQJ ZRUNV 7KH
VXSHUVWUXFWXUHFRQVLVWHGRIVHYHQLGHQWLFDO3UDWWWUXVVJLUGHUVPDGHRIZURXJKWLURQZLWKVLPSO\VXSSRUWHGVSDQVRI
P7KHJLUGHUVZHUHDVVHPEOHGRQIDOVHZRUNV7KHEULGJHVRQWKHPDLQULYHUEUDQFKDQGRYHUWKHÒMSHVWED\ZHUH
RSHQHGRQ1RYHPEHU>@
'XHWRWKHFKDQJHLQGHVLJQVWDQGDUGVDQGWKHLQFUHDVHRIWUDLQORDGVWKHEULGJHQHHGHGJUDGXDOLPSURYHPHQWV$W
ILUVWDQDGGLWLRQDOPLGGOHFKRUGZDVFRQVWUXFWHGEHWZHHQWKHWRSDQGERWWRPFKRUGVLQRUGHUWRGHFUHDVHWKHEXFNOLQJ
OHQJWKRIWKHFROXPQV,QVXSSOHPHQWDU\GLDJRQDOVZHUHDGGHGLQWRWKHPLGVSDQRIWKHVLPSO\VXSSRUWHGJLUGHUV
7KHWUDLQORDGVKDGIXUWKHULQFUHDVHGWKHUHIRUHLQVHFRQGDU\GLDJRQDOHOHPHQWVZHUHEXLOWLQVHH)LJD,Q
DGGLWLRQQHZFURVVEHDPVZHUHFRQQHFWHGWRWKHQHZFROXPQVWKXVGHFUHDVLQJWKHVSDQVRIWKHRYHUORDGHGORQJLWXGLQDO
JLUGHUV8QIRUWXQDWHO\WKHGHVWUXFWLRQRI:RUOG:DU,,UHDFKHGWKHEULGJHDVZHOOZKHQWKHÏEXGDVLGHVSDQJRWKLW
E\DQDLUUDLGLQ6HSWHPEHU,Q'HFHPEHUILYHRXWRIWKHVL[UHPDLQLQJVSDQVJRWEORZQXSE\WKHUHWUHDWLQJ
*HUPDQWURRSV/DWHULQWKH6RYLHWDUP\EXLOWDSRQWRRQEULGJHDWWKHORFDWLRQRIWKHGHVWUR\HGFURVVLQJ>@
2.2. Semi-permanent bridge 
7KHUHFRQVWUXFWLRQDZDLWHGIRU\HDUVEHFDXVHWKHUHEXLOGLQJRIRWKHU'DQXEHEULGJHVLQ%XGDSHVWWRRNSULRULW\
7ZR FRQFHSWXDO GHVLJQVZHUH FDUULHG RXW EXW WKHVH FRXOG QRW PDWHULDOL]H GXH WR ODFN RI LURQ DIWHU WKH ZDU 7KH
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FRPSOHWLRQRIWKHQHZ6RXWKHUQFRQQHFWLQJUDLOZD\EULGJHPHDQWWKDWWKHSUHYLRXVO\XVHGWHPSRUDU\.WUXVVVWUXFWXUH
JRWDYDLODEOH7KHVH.WUXVVJLUGHUVZHUHDSSOLHGIRU WKHUHFRQVWUXFWLRQRI WKH1RUWKHUQUDLOZD\EULGJHDVDVHPL
SHUPDQHQW VROXWLRQ 7KH FRQVWUXFWLRQ RI WKH LURQ VWUXFWXUHZDV FDUULHG RXW E\ XVLQJ IDOVHZRUNV DQG FDQWLOHYHUHG
DVVHPEO\7KHILQLVKHGEULGJHZDVJLYHQEDFNWRWKHUDLOZD\WUDIILFRQ0D\(YHQWKRXJKWKHVWUXFWXUHZDV
PHDQWWRVHUYHDVDWHPSRUDU\VROXWLRQLWIXOILOOHGLWVIXQFWLRQIRU\HDUVVHH)LJE
 
)LJD2ULJLQDOEULGJHLQ>@E6HPLSHUPDQHQWVWUXFWXUH>@
2.3. Need for reconstruction 
6LQFHWKHEULGJHZDVRSHQHGDVDVHPLSHUPDQHQWVWUXFWXUHLWPD[LPDOO\DFFRPSOLVKHGLWVWDVN$QH[WHQVLYHVWXG\
SRLQWHGRXWWKHQHFHVVLW\IRUWKHPRGHUQL]DWLRQDOUHDG\LQ%\WKHWXUQRIWKHFHQWXU\LWFRXOGQRWEHSRVWSRQHG
DQ\ORQJHUGXHWRWKHIROORZLQJUHDVRQV>@
• PRVWRIWKH.WUXVVJLUGHU¶VPDWHULDOFDPHIURPXQNQRZQVRXUFHVPDLQO\IURPVWUXFWXUHVEHFRPLQJXVHOHVVDIWHU
WKHZRUOGZDUWKHUHIRUHWKHLUVWUHQJWKDQGIDWLJXHSURSHUWLHVFRXOGQRWEHH[DPLQHGZLWKJRRGDFFXUDF\
• WKHFRQQHFWLRQVRIWKHVWUXFWXUDOHOHPHQWVZHUHEROWHGWKHUHIRUHRQO\NPKWUDLQVSHHGZDVDOORZHGDFFRUGLQJ
WRWKHFXUUHQW+XQJDULDQ5DLOZD\6WDQGDUGRIWKHWLPH
• WKHEROWVRIORQJLWXGLQDOJLUGHUVKDGXQNQRZQPDWHULDOSURSHUWLHVVRPHRIWKHPKDGDOUHDG\IDLOHG
• QRSDLQWLQJRFFXUUHGVLQFHWKHRSHQLQJLQWKXVWKHEULGJHHOHPHQWVVKRZHGVHULRXVFRUURVLRQGDPDJHV
• WKHEULGJHEHDULQJVDQGWKHSLHUVZHUHLQYHU\EDGFRQGLWLRQ
&RQFHSWLRQV
)LQDOO\ WKHPDQDJHPHQWRI0È9+XQJDULDQ1DWLRQDO5DLOZD\VGHFLGHGRQWKHUHFRQVWUXFWLRQLQDIWHUD
WKRURXJKHYDOXDWLRQ06F&RQVXOWDQWVDQG(QJLQHHUV/WGEHFDPHLQFKDUJHZLWKWKHGHVLJQ,QWKHHDUO\SKDVHWKH
LGHDRIDSRWHQWLDOKLJKZD\EULGJHQH[W WR WKHUDLOZD\EULGJHDOVRSUHVHQWHG LWVHOI7KHPRGHUQUDLOEUDNHV\VWHPV
LQGXFH PXFK ODUJHU KRUL]RQWDO ORDGV WKDQ EUDNLQJ DQG DFFHOHUDWLRQ IRUFHV IURP KLJKZD\ YHKLFOHV WKHUHIRUH WKH
SRVVLELOLW\RIEXLOGLQJWKHKLJKZD\EULGJHRQWKHROGSLHUVDQGFRQVWUXFWLQJDFRPSOHWHO\QHZUDLOZD\EULGJHZLWKDQ
DGMDFHQWDOLJQPHQWDOVRFDPHXS,QDGGLWLRQWRGLIIHUHQWDOLJQPHQWVROXWLRQVWKHRSWLRQVZLWKRQHDQGWZRWUDFNVDQG
HYHQDFRPELQHGKLJKZD\UDLOZD\EULGJHZDVLQYHVWLJDWHG,QWKLVFDVHWKHERWWRPIODQJHZRXOGKDYHVHUYHGDVWKH
GHFNRIWZRUDLOZD\WUDFNVDQGWKHWRSIODQJHFRXOGKDYHFDUULHG[KLJKZD\ODQHV7KHRULJLQDOSLHUVZHUHEXLOWZLWK
PD[LVGLVWDQFHWKDWGRHVQRWHQVXUHWKHVWDQGDUGRQHGLUHFWLRQDOPZLGHVKLSSLQJJDXJH$WUXVVJLUGHU
EULGJHVWLIIHQHGZLWKDQDUFKFRXOGKDYHPHDQWDVROXWLRQE\GRXEOLQJWKHVKLSSLQJVSDQ>@
(YHQWXDOO\WKHGHFLVLRQZDVGHWHUPLQHGE\WKHORZHVWFRQVWUXFWLRQFRVWVDQGVKRUWHVWWUDFNFORVXUHWLPHWKHUHIRUH
DFRQWLQXRXVO\VXSSRUWHGWUXVVJLUGHUEULGJHEHFDPHWKHSUHIHUUHGRSWLRQZLWKRQHWUDFN
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'HVLJQ
7KHGHVLJQIRUDSSURYDOZDVFDUULHGRXW LQIRU WKHDIRUHPHQWLRQHGVWUXFWXUDOVROXWLRQ7KHQ WKHWHQGHULQJ
GHVLJQZDV SUHSDUHGZLWK VOLJKWPRGLILFDWLRQV LQ ZKHUH WKH UHQRYDWLRQ RI WKHÒMSHVWED\ EULGJH DOVR
DSSHDUHG EXW LW LV QRW FRYHUHG LQ WKLV SDSHU )LQDOO\ WKH FRQVWUXFWLRQ GHVLJQ SODQVZHUH ILQLVKHG LQ  DV DQ
DVVLJQPHQWIURPWKHZLQQHUFRQWUDFWRUMRLQWYHQWXUH$VDYHU\FKDOOHQJLQJWDVNWKHGLVDVVHPEO\RIWKHROGWHPSRUDU\
VWUXFWXUHZDVDOVRSDUWRIWKHGHVLJQFRQWUDFW7KHQHZVWUXFWXUHLVSUHVHQWHGLQWKHIROORZLQJKHDGLQJV
4.1. Substructures 
7KHFRUHVDPSOHVWDNHQIURPWKHPRUHWKDQ\HDUVROGSLHUVVKRZHGVHULRXVGDPDJHVDWWKHVHFWLRQVWKDWZHUH
H[SRVHG WR WKH IOXFWXDWLRQ RI ZDWHU OHYHO 7KHUHIRUH IXOO FURVVVHFWLRQDO LQMHFWLRQ RI WKH FUXPEOHG FRQFUHWH ZDV
QHFHVVDU\QH[W WR WKHUHSDUDWLRQRI OLPHVWRQHDQGJUDQLWHFRYHULQJDQGWKHLUIXJXH7KHWRSSDUWVRI WKHSLHUVRQO\
UHTXLUHGPLQRUPDLQWHQDQFHEHFDXVHWKH\ZHUHUHFRQVWUXFWHGZLWKKHDYLO\UHLQIRUFHGKLJKVWUHQJWKFRQFUHWHDIWHUWKH
ZRUOGZDU7KHVXSSRUWOLQHVRIWKHQHZFRQWLQXRXVJLUGHUEULGJHSUDFWLFDOO\FRLQFLGHZLWKWKHD[LVRIWKHROGSLHUV
7KH DEXWPHQWV ZHQW WKURXJK PDMRU WUDQVIRUPDWLRQV VLQFH WKH\ KDG WR EHFRPH DEOH RI VXSSRUWLQJ WKH KLJKO\
LQFUHDVHGEUHDNLQJDQGDFFHOHUDWLRQIRUFHVWKDWDUHLQGXFHGRQWKHFRQWLQXRXVO\VXSSRUWHGPORQJEULGJH7KHLU
WRSSDUWVKDYHJRWUHLQIRUFHGEHDULQJEHDPVDQGWKH\ZHUHH[WHQGHGZLWKQHZVHUYLFHFKDPEHUVWRWDNHDQGJDWKHU
SXEOLFZRUNVSDVVLQJWKHEULGJHVHH)LJD7KHSODFHPHQWRIWKHFKDPEHUVRIVKRFNWUDQVPLVVLRQGHYLFHVVHHODWHU
FDXVHGRQHRIWKHPDLQGLIILFXOWLHVEHFDXVHWKH\QHHGHGWRWDNHRYHUWKHKRUL]RQWDOORDGVIURPWKHVXSHUVWUXFWXUHZLWK
WKHVPDOOHVWSRVVLEOHHFFHQWULFLW\6LQFHWKHDEXWPHQWVZHUHGHVLJQHGIRUN1KRUL]RQWDOIRUFHWKHPWKLFN
EDFNZDOOVVXSSRUWLQJWKHK\GUDXOLFGHYLFHVZHUHVWUHQJWKHQHGE\DGGLWLRQDOPORQJUHLQIRUFHGFRQFUHWHULEVVHH
)LJE

)LJD&URVVVHFWLRQE/RQJLWXGLQDOVHFWLRQRIWKHDEXWPHQWV
4.2. Superstructure 
7KHQHZVXSHUVWUXFWXUHLVDFRQWLQXRXVO\VXSSRUWHGWURXJKWUXVVJLUGHUZLWK[PVSDQV,QDGGLWLRQD
PORQJSODWHJLUGHUEULGJHMRLQVWKHWUXVVRQWKHÏEXGDVLGHDVWKHFRQWLQXDWLRQRIWKHERWWRPIODQJH7KXVWKHGLVWDQFH
LV DOWRJHWKHU P EHWZHHQ WKH VXSSRUW OLQHV RI WKH DEXWPHQWV VHH )LJ  DQG WKH WRWDO OHQJWK RI WKH VWHHO
VXSHUVWUXFWXUHLVP
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
)LJ/RQJLWXGLQDOVHFWLRQDQGVLGHYLHZRIWKHEULGJH
 
)LJD&URVVVHFWLRQRIWKHVXSHUVWUXFWXUHE3LFWXUHRIWKHFURVVVHFWLRQ>@
7KHGLDJRQDOVDUHSODFHGLQDV\PPHWULF:DUUHQW\SHDUUDQJHPHQW7KHWRSFKRUGPHPEHUVKDYHKDWFURVVVHFWLRQ
ZHEPPIODQJHPPDQGWKH\DUHFRQQHFWHGZLWK;VKDSHZLQGEUDFLQJRIKRW
UROOHG+(%EHDPV7KHWRSSODLQRI WKHZLQGEUDFLQJFRLQFLGHVZLWKWKHWRSSODLQRI WKHFKRUG7KHGLDJRQDO
HOHPHQWVKDYH,VKDSHFURVVVHFWLRQZHEPPIODQJHPPDQGWKHLUIODQJHLVDOLJQHGZLWKWKH
ORQJLWXGLQDOD[LVRIWKHEULGJH
7KHRUWKRWURSLFVWHHOGHFNVXSSRUWVDQ(',/21WUDFNV\VWHPWKDWSURYLGHVDKRPRJHQHRXVHODVWLFEHGGLQJIRUWKH
UDLOV7KHORQJLWXGLQDOO\VWLIIHQHGGHFNSODWHPPLVVXSSRUWHGE\LQQHUZHEPPIODQJH
PPDQGRXWHUZHEPPIODQJHPPORQJLWXGLQDOEHDPVDQGFURVVJLUGHUVZHE
PPIODQJHPPZLWKPPGLVWDQFHOD\RXW7KHGLIIHUHQFHIURPWKHXVXDOFURVV
VHFWLRQRIWUXVVUDLOZD\EULGJHVLVWKDWFDQWLOHYHUVZHUHDSSOLHGWRVXSSRUWDPZLGHELF\FOHURDGRQWKH1RUWKHUQ
VLGHDQGDPZLGHSHGHVWULDQZDONZD\RQWKH6RXWKHUQVLGHVHH)LJDE
$SDUW IURP WKH RQVLWH MRLQWV WKHGLDJRQDOV FKRUGVZLQGEUDFLQJV DQGGHFN V\VWHP HOHPHQWV DOO KDYHZHOGHG
FRQQHFWLRQVDFFRUGLQJWRWKHGHPDQGVRIWKHFRQWUDFWRU7KHRQVLWHMRLQWVRIWKHWUXVVPHPEHUVDUHSUHVWUHVVHGEROWHG
FRQQHFWLRQVGHVLJQHGIRUIXOOFDSDFLW\ZKLOHWKHRQVLWHMRLQWVRIWKHGHFNSODWHDUHDOVRZHOGHG
4.3. Bearing system 
7KHPRVWXQLTXHSURSHUW\RIWKHEULGJHLVWKDWLWGRHVQRWKDYHDQ\WUDGLWLRQDOORQJLWXGLQDOO\IL[HGEHDULQJVHH)LJ
D7KHVWDQGDUGEUDNLQJDQGDFFHOHUDWLRQIRUFHVRIWUDLQVZRXOGKDYHLQGXFHGVXFKODUJHKRUL]RQWDOORDGVRQWKH
FRQWLQXRXVVWUXFWXUHWKDWWKHROGSLHUVFRXOGQRWKDGEHHQVXLWDEOHIRU7KHUHIRUH[K\GUDXOLFVKRFNWUDQVPLVVLRQ
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GHYLFHVDUHDSSOLHGDWWKHDEXWPHQWVLQRUGHUWRVXSSRUWWKHKRUL]RQWDOORDGVVHH)LJE7KH\ZHUHSURGXFHGE\
0DXUHUDQGDFWDVIL[HGVXSSRUWVIRUVXGGHQDFWLRQVHJEUDNLQJIRUFHHDUWKTXDNHZLWKN1FDSDFLW\ERWKXQGHU
WHQVLRQDQGFRPSUHVVLRQ,QFDVHRIEUDNLQJDFWLRQWKHVWUXFWXUHVOLJKWO\PRYHVEXWLWLVLPPHGLDWHO\VWRSSHGE\WKH
KDUGHQHGK\GUDXOLFVXSSRUWV6ORZORQJLWXGLQDOPRYHPHQWVHJGXHWRWHPSHUDWXUHFKDQJHRQWKHRWKHUKDQGDUHQRW
UHWDLQHGDOWKRXJKDSRWHQWLDORQHGLUHFWLRQDO VOLGLQJ LV OLPLWHGDWPPE\V\QWKHWLF UXEEHUEORFNV7KLV LV LQ
FRUUHODWLRQZLWKWKHFDSDFLW\RIWKHUDLOPRYHPHQWMRLQWV\VWHP%HVLGHVPRELOHVSKHULFDOEHDULQJVDUHDSSOLHGRQWKH
SLHUVWKDWDOORZORQJLWXGLQDOPRYHPHQWVEXWDOZD\VVWULYHIRUUHVWRULQJWKHVWUXFWXUHWRLWVRULJLQDOEDODQFHGSRVLWLRQ
7KHROGSLHUVSUDFWLFDOO\JRWIUHHIURPWKHPDMRULW\RIORQJLWXGLQDODFWLRQVWKDQNVWRWKHDSSOLFDWLRQRIWKHH[SODLQHG
EHDULQJV\VWHPWKHUHIRUHWKH\EHFDPHDEOHRIVXSSRUWLQJWKHQHZVXSHUVWUXFWXUH
 
)LJD%ULGJHEHDULQJOD\RXWE+\GUDXOLFVKRFNWUDQVPLVVLRQGHYLFH
4.4. Other general information 
7KHEULGJHLVGHVLJQHGIRUNPKWUDLQVSHHGDQG³8´ORDGDFFRUGLQJWRWKH+XQJDULDQ6WDQGDUGZKLFKLVHTXDO
WRWKH/0ORDGIURP(17KHVWDWLFFDOFXODWLRQZDVGRQHE\$[LV90ILQLWHHOHPHQWVRIWZDUH7KHJOREDO
'PRGHOFRQVLVWHGRIEHDPHOHPHQWVZKLOHVKHOOHOHPHQWVZHUHDSSOLHGLQWKHGHWDLOHGORFDOPRGHOVVHH)LJDE
 
)LJD*OREDO)(PRGHOE'HWDLOHG)(PRGHORIDERWWRPMRLQW
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&RQVWUXFWLRQ
7KHPDLQFKDOOHQJHRIWKHUHFRQVWUXFWLRQZDVWKHODFNRIWLPHVLQFHRQO\PRQWKVRIWUDFNFORVXUHZDVDYDLODEOH
RQWKHUDLOZD\OLQHEHWZHHQ-XQHDQG6HSWHPEHU'XULQJWKLVVKRUWSHULRGWKHFRQWUDFWRUKDGWRGLVDVVHPEOH
WKHROGVWUXFWXUHDQGUHSODFHLWZLWKWKHQHZEULGJHWKDWQHHGHGWRJDLQDFHUWDLQFRQGLWLRQE\WKHWLPHRIWKHUHRSHQLQJ
VRWKHUHPDLQLQJZRUNVFRXOGEHILQLVKHGXQGHUWKHRSHUDWLRQRIUDLOZD\WUDIILF7KHLQMHFWLRQDQGFRYHULQJUHSDUDWLRQ
WDVNVRIWKHSLHUVKDGEHHQFRPSOHWHGEHIRUHWKHVWDUWRIGLVDVVHPEO\WRJHWKHUZLWKWKHULYHUEHGGUHGJLQJDQGSLHU
ULSUDS ZRUNV 7KH UHEXLOW RI WKH DEXWPHQWV KDG DOVR VWDUWHG HDUOLHU EXW FRXOG RQO\ EH FRPSOHWHG ZKHQ WKH ROG
VXSHUVWUXFWXUHJRWUHPRYHGIURPWKHP7ZRIORDWLQJFUDQHVZHUHDYDLODEOHIRUWKHUHSODFHPHQWRIWKHVXSHUVWUXFWXUH
QDPHO\WKH$GDP&ODUNDQGWKH$WODVZLWKWDQGWORDGEHDULQJFDSDFLWLHVUHVSHFWLYHO\
5.1. Disassembly of the old superstructure 
7KHGHPRXQWLQJEHJDQZLWKWKHVLGHVSDQVLQRUGHUWRUHOHDVHWKHDEXWPHQWVVRWKHLUVWUHQJWKHQLQJFRXOGVWDUWDV
HDUO\ DV SRVVLEOH ,WZDV IROORZHG E\ WKH GLVDVVHPEO\ RI WKH VLPSO\ VXSSRUWHG. WUXVVHV LQ WKH UHPDLQLQJ VSDQV
ZHLJKWLQJWHDFK'XHWRWKHFDSDFLW\OLPLWRIWKHIORDWLQJFUDQHVWKHVSDQVFRXOGQRWEHWDNHQGRZQLQRQHSLHFH
WKHUHIRUHWKH\ZHUHFXWLQWKHPLGVSDQE\WKHKROGRIWKHIORDWLQJFUDQHVDQGWKHWHPSRUDU\VXSSRUWRIWKHVHFRQG
UHPRYHGSDUWE\DOLIWLQJMDFNEDUJH:KHQWKHFUDQHVDQGWKHOLIWLQJEDUJHKDGWDNHQWKHLUSRVLWLRQDQGVOLJKWO\OLIWHG
WKHVWUXFWXUHWKHFXWWLQJEHJDQIURPWKHWRSFKRUGVDQGSURFHHGHGWRZDUGVWKHERWWRP$IWHUWKHILUVWKDOIKDGEHHQ
WDNHQGRZQDQGGHSRVHGRQDEDUJHWKHVHFRQGKDOIZDVLQWXUQVHH)LJD7KLVRSHUDWLRQWRRNW\SLFDOO\GD\V
IRUHDFKVSDQ>@
 
)LJD5HPRYDORIWKHVHFRQGSDUWRIWKH.WUXVVVSDQE(UHFWLRQRIWKHQHZVXSHUVWUXFWXUH
5.2. Erection of the new superstructure 
'XHWRWKHYHU\WLJKWVFKHGXOHWKHFRQVWUXFWLRQXQLWVRIWKHQHZWUXVVJLUGHUKDGWRDUULYHSUHDVVHPEOHGWRWKHEULGJH
VLWH7KHPORQJKDOIFURVVVHFWLRQSLHFHVWKDWOHIWWKHVWHHOPDQXIDFWRU\ZHUHDVVHPEOHGLQWRIXOOFURVVVHFWLRQV
DQGPXQLWVDWDQDVVHPEOLQJSODQWRQWKHULYHUEDQNRQWKH6RXWKHUQSDUWRI%XGDSHVW7KHSDLQWLQJZRUNVZHUH
DOVRFDUULHGRXWWKHUH6LQFHWKHDYDLODEOHFUDQHKDGORZHUORDGEHDULQJFDSDFLW\DWWKHDVVHPEOLQJSODQWWKHWRWDO
PORQJXQLWVFRXOGQRWEHDVVHPEOHGRQODQGWKHUHIRUHWKHFRQWUDFWRUKDGWRSXW[PXQLWVRQDEDUJHLQGLYLGXDOO\
DQGFDUU\RXWWKHDVVHPEO\SURFHGXUHWKHUH,QWKLVSKDVHWKHFRUUHFWDGMXVWPHQWRIWKHEULGJHHOHYDWLRQZDVRQHRIWKH
PDLQLVVXHV>@7KHQWKHFRPSOHWHPORQJFRQVWUXFWLRQXQLWVZHUHVKLSSHGWRWKHVLWHRQWKH'DQXEHWKDWUHTXLUHG
SHUIHFWQDYLJDWLRQIURPWKHFDSWDLQVZKHQSDVVLQJXQGHUVHYHQRWKHUEULGJHVLQ%XGDSHVW2EYLRXVO\WKHOLIWLQJDQG
HUHFWLRQRIWKHQHZEULGJHXQLWVZHUHWKHPRVWVSHFWDFXODUPRPHQWVVHH)LJE7KHDGMDFHQWFRQVWUXFWLRQXQLWVKDG
WKHLURQVLWHFRQQHFWLRQVDURXQGWKH]HURYDOXHORFDWLRQVRIWKHJOREDOEHQGLQJPRPHQWGLDJUDPRIWKHFRQWLQXRXVO\
VXSSRUWHGJLUGHU7KHPORQJLQGLYLGXDOSLHFHVZHLJKWHGDSSUR[LPDWHO\WWKXVWKHFDSDFLWLHVRIWKHIORDWLQJ
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FUDQHVZHUHFRPSOHWHO\XWLOL]HG7KHOLIWLQJSRLQWVZHUHGHWHUPLQHGE\WKHGHVLJQHUVLQRUGHUWRGLVWULEXWHWKHUHDFWLRQV
EHWZHHQWKHFUDQHVDVWKHSURSRUWLRQRIWKHLUORDGEHDULQJFDSDFLW\WW
6LQFH WKH EULGJH GRHV QRW KDYH DQ\ ORQJLWXGLQDOO\ IL[HG VXSSRUW DQG WKH GDLO\ WHPSHUDWXUH IOXFWXDWLRQ FDXVHG
VLJQLILFDQW WKHUPDO H[SDQVLRQ LQ WKH VXPPHU WKH DGMXVWPHQW RI WKH EHDULQJV WXUQHG RXW WR EH YHU\ GLIILFXOW >@
(YHQWXDOO\ WKHVXSHUVWUXFWXUHUHSODFHPHQWJRWFRPSOHWHG MXVW LQ WLPHZLWKJRRGDFFXUDF\DFFRUGLQJ WR WKHGHVLUHG
HOHYDWLRQ DQG UDLO WUDFN D[LV $IWHU D VXFFHVVIXO ORDG WHVWLQJ RQ 6HSWHPEHU  LW ZDV UHRSHQHG RQ WKH QG 7KH
UHPDLQLQJWDVNVELF\FOHURDGSHGHVWULDQZDONZD\SDUDSHWVFDEOHFKDPEHUVHWFZHUHILQLVKHGXQGHURSHUDWLQJWUDLQ
WUDIILF7KHHQWLUHUHFRQVWUXFWLRQZDVFRPSOHWHGLQ)HEUXDU\
)LQDOUHPDUNV
$FFRUGLQJWRWKHH[SHULHQFHVRIWKHRSHUDWRU+XQJDULDQ1DWLRQDO5DLOZD\VWKHVWUXFWXUHDQGWKHVSHFLDOEHDULQJ
V\VWHPKDYHEHHQZRUNLQJDSSURSULDWHO\ LQ WKH ODVW\HDUVEDVHGRQSHULRGLFH[DPLQDWLRQVDQG WKHGDWD IURPWKH
LQVWDOOHGPRQLWRULQJV\VWHP>@%\WDNLQJDHVWKHWLFVLQWRDFFRXQWLWSHUIHFWO\ILWVLQWRWKHVXEXUEDQFLW\VFDSHVHH)LJ
7KDQNVWRWKHHODVWLFHPEHGPHQWRIWKHUDLOVWKHQRLVHHPLVVLRQLVUHODWLYHO\PRGHUDWHHYHQDWIDVWHUWUDLQVSHHG
HVSHFLDOO\FRPSDUHGWRWKHSUHYLRXVEULGJH7KHSODFHPHQWRIWKHELF\FOHURDGDQGSHGHVWULDQZDONZD\RQWKHEULGJH
LVDQH[WUDPHULWVLQFHQH[WWRLWVSULPDU\IXQFWLRQWKHFURVVLQJFDQEHXVHGE\WKHFLWL]HQVDVZHOO
$VWKHUHVXOWRIFORVHFRRSHUDWLRQEHWZHHQFRQWUDFWRUVGHVLJQHUVDQGWKHLQYROYHGRUJDQL]DWLRQVDQGWKDQNVWRWKHLU
KDUGZRUNVXFKDEULGJHZDVEXLOWWKDWDEVROXWHO\VDWLVILHVDOONLQGRIPRGHUQGHPDQGV7KHPDLQSDUWLFLSDQWVZKR
FRQWULEXWHGWRWKHVXFFHVVIXOUHFRQVWUXFWLRQDUHOLVWHGEHORZ
• client0È9+XQJDULDQ1DWLRQDO5DLOZD\V
• design 06F /WG VWUXFWXUDO HQJLQHHULQJ 0È97, /WG UDLOZD\ WUDFN 0pO\WHUY /WG SXEOLF ZRUNV %0(
'HSDUWPHQWRI6WUXFWXUDO(QJLQHHULQJLQGHSHQGHQWVWDWLFFDOFXODWLRQV
• construction +tGpStWĘ &R OHDGHU RI ³1RUWKHUQ %ULGJH ´ MRLQW YHQWXUH .g=*e3 &R VWHHO VWUXFWXUH
PDQXIDFWRU\DQGFRUURVLRQSUHYHQWLRQ*DQ]%ULGJH&UDQHDQG6WHHO6WUXFWXUH0DQXIDFWXULQJ&R	+tGpStWĘ
6SHFLiO/WGGLVDVVHPEO\DQGHUHFWLRQRIWKHVXSHUVWUXFWXUH%HWRQSODV]WLND/WGVXEVWUXFWXUHV+tGWHFKQLND/WG
FRUURVLRQSUHYHQWLRQ
• load testing0È9&HQWUDO5DLODQG7UDFN,QVSHFWLRQ/WG
 
)LJ3LFWXUHVRIWKHQHZEULGJH>@
5HIHUHQFHV
>@6'RPDQRYV]N\$]pV]DNLYDV~WLKtGiWpStWpVH0$*e6=%XGDSHVW
>@-9|U|V+LVWRU\RIWKHÒMSHVW'DQXEHEULGJH-RXUQDORIWKH+XQJDULDQ6WHHO6WUXFWXUH$VVRFLDWLRQ,9SS
>@,6RO\PRVV\$]eV]DNLYDV~WL'XQDKtGWHUYH]pVH6tQHN9LOiJDNO|QV]iPSS
>@$57yWK$]eV]DNLYDV~WL'XQDKtG]HPHOWHWpVLWDSDV]WDODWDL6tQHN9LOiJD/,9SS
